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424a Tuesday, February 5, 2013In this study the effect of sequence context on the binding affinity and confor-
mation of DNA dodecamers are explored. The Cre binding site (ACGT) was
studied with a number of different flanking sequences. 31P-NMR was used
to determine the conformational state (BI/BII ratio) of each step in the phos-
phate backbone. Importantly, the conformation of the binding site, the center
tetrad which was not changed, varied significantly based on the sequence
context.
Fluorescence titration with the DNA intercalator 7-Aminoactinomycin D was
performed to provide biological context to our conformation results. We found
that the backbone conformation alone cannot explain the binding affinities in
the dodecamers studied. Thus, we turned our attention to base pair dynamics.
Preliminary results show that differences in binding affinities in sequences
with similar backbone conformations can be explained by differential base
pair opening rates.2176-Pos Board B195
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Drugs belonging to the Non-Steroidal Anti-Inflammatory (NSAID) group are
not only used as anti-inflammatory, analgesic and anti-pyretic agents, but
also show anti-cancer effects. Complexing it with a bioactive metal like copper
show an enhancement in their anti-cancer effects, whose exact mechanism of
action is not yet fully understood. As a possible molecular mechanism behind
the anticancer effects of Cu(II)-NSAIDs, our group has shown for the first time,
that copper complexes of two NSAIDs belonging to oxicam chemical group
namely meloxicam and piroxicam can directly bind to the DNA backbone. Elu-
cidating base sequence specific interaction of Cu(II)-NSAIDs to the DNA will
provide information on their possible binding sites in the genome sequence. We
have identified the differences in the interaction of Cu(II)-piroxicam and
Cu(II)-meloxicam with hompolymeric polydA-polydT and alternating
polydA-dT as well as with homopolymeric polydG-polydC and alternating
polydG-dC. Differential response of the two Cu(II)-NSAIDs to the subtle var-
iation in backbone structures of polydA-polydT and polydA-dT, was expressed
in the difference in their binding parameters. Both the complexes show similar
binding modes with polydA-dT which is intercalative, but for polydA-polydT,
the results point to a mixed mode of binding. Even for the mixed mode, there is
a significant difference in the binding of Cu(II)-piroxicam and Cu(II)-
meloxicam to polydA-polydT. However, for the GC rich sequences, Cu(II)-
NSAIDs show strong binding affinity to both polydG-dC and polydG-
polydC. The role reversal of Cu(II)-meloxicam from a strong binder of
polydG-dC to a weak binder of polydG-polydC, while Cu(II)-piroxicam
changes from a strong binder of polydG-polydC to a weak one of polydG-
dC, point to the sensitivity of these complexes to changes in the backbone struc-
tures/hydration.
Hence, Cu(II)-NSAID complexes are highly sensitive to differences in back-
bone sequences.2177-Pos Board B196
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In this work experimental and theoretical approaches have been combined for
unique study and comparison of charge transfer efficiency in standard and
modified (Hg incorporated) DNA duplexes and DNA/RNA hybrids. Specific
mechanism proposed to account for the on-chain oligonucleotide charge trans-
port is based on polaron formation-charge is transported coherently by long-
distance tunneling (superexchange). A key parameter in this approach is how
the bridge orbitals of the intervening DNA bases couple the charge donor and
acceptor - this is strongly controlled by specific oligomeres structures and
conformation. The RNA/DNA system flexibility also improves the conditions
for polaron creation and thus may facilitate rapid (coherent) charge transport
in the DNA/RNA hybrids. All our observations demonstrate that charge trans-
fer characteristics of oligonucleotide duplexes are able to reveal the presence
of structure changes in the sequence, which may help to elucidate possible
disturbance identification in the cell or even in potential technological appli-
cations.2178-Pos Board B197
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Exciton-coupled dimers exhibit spectroscopic properties that are very sensitive
to dimer conformation, making them useful probes of local structure when in-
corporated into systems of biological interest. Numerous spectroscopic tech-
niques can be used to study such dimers, including linear absorption
spectroscopy and circular dichroism. 2-Dimensional Fluorescence Spectros-
copy (2D FS) is a technique that involves exciting a sample with a series of
four ultrafast laser pulses and measuring fluorescence as a function of the
time delays between pulses, yielding spectra that sensitively reflect the confor-
mations of exciton-coupled dimers. I will describe studies in which 2D FS was
combined with linear absorption spectroscopy to ‘‘solve the structure’’ of a di-
mer of zinc tetraphenylporphyrin embedded in a phospholipid bilayer mem-
brane. It was found that the dimer adopts a mixture of folded and extended
conformations in the membrane and that higher temperatures favor the folded
conformation. A thermodynamic analysis revealed that this temperature-
dependent conformational shift is driven by the increase in entropy of the lipid
side chains upon folding of the porphyrin dimer, analogous to the hydrophobic
effect that drives the folding of many proteins. I will also describe experiments
in which 2D FS was used to study nucleic acid constructs substituted with two
adjacent fluorescent base analogues. In a similar manner to the porphyrins, the
exciton coupling between base analogues allows 2D FS signals to be combined
with other spectroscopic signals to determine the local conformation of the nu-
cleic acid. Ongoing experiments aim to use this technique to study the local
structure and ‘‘real-time’’ dynamics of the nucleic acid components of DNA-
protein complexes in solution.2179-Pos Board B198
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DNA structure and conformation are influenced by metal ions, polyamines,
and the microenvironment. Positively charged ions stabilize DNA and
RNA structures, and provoke conformational transitions. In poly(purine).po-
ly(pyrimidine) sequences, triplex DNA formation is facilitated by metal ions,
polyamines and several other ligands. We studied the effects of mono, and
di-valent metal ions, and ammonium salts on the stability of triple- and
double-stranded structures formed from poly(dA) and poly(dT) by measuring
their respective melting temperatures. In the presence of metal ions, the ab-
sorbance versus temperature profile showed two transitions: Tm1 for triplex
to duplex and single stranded DNA, and Tm2 for duplex DNA melting to
single stranded DNA. Monovalent cations (Liþ, Naþ, Kþ, Rbþ, Csþ and
NH4þ) promoted triplex DNA at concentrations R 150 mM. The triplex
DNA melting temperature varied from 49.8 C in the presence of 150 mM
Liþ to 30.6 C in the presence of 150 mM Kþ. Among ammonium com-
pounds, NH4þ was the most effective ion in stabilizing triplex DNA and
its efficacy decreased with increasing substitution of the hydrogen atoms
with bulky alkyl groups. Divalent cations were 1000-fold more efficacious
than monovalent ions in stabilizing triplex DNA. All positively charged cat-
ions increased the melting temperature of duplex DNA. using 1/Tm1/1/Tm2
versus ln [ion concentration] plots, we calculated the amount of cation re-
lease and appropriate thermodynamic parameters, on triple/duplex melting.
Circular dichroism spectroscopic studies showed distinct conformational
changes in triplex DNA stabilized by alkali metal and ammonium ions.
The results suggest ion specific effects on triplex DNA stabilization. Our re-
sults might be useful in developing triplex forming oligonucleotide based
gene silencing techniques.2180-Pos Board B199
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by salt cations or neutral osmolytes. Z-DNA is more sparsely hydrated and
has a greater solvent exposure of nonpolar base-pair surfaces compared to
B-DNA. Previous studies in our lab and Donald Rau’s lab (1) showed that
an osmotic stress in solutions of sucrose and other osmolytes decreases the
concentration of transition metal complexes required to form Z-DNA. Stanley
and Rau (2) compared the interactions of alcohols and polyols with condensed
DNA arrays. They found that the more hydrophobic osmolytes (greater excess
of alkyl carbons over hydroxyl oxygens) were more excluded from the
charged DNA surfaces, allowing more hydrating water molecules to interact.
We have now tested, using circular dichroism, the effect of a similar set of
hydroxylated osmolytes on the B-Z equilibrium of poly[d(G-C)] in the pres-
ence of cobalthexammine. In this system the more hydrophobic solutes favor
Z-DNA more strongly, consistent with a more favorable interaction (weaker
exclusion) from the somewhat hydrophobic base pair surfaces in Z-DNA
and the decrease in hydration from B to Z. We also have investigated effects
of several non-hydroxylated osmolytes. Compared to the relatively hydropho-
bic 2-propanol, the polar neutral solute urea favors B-DNA and the charged
glycine betaine has an intermediate effect on the B-Z equilibrium. More polar
osmolytes appear to be more strongly excluded from the base pair surfaces
and allow formation of the more extensively hydrated B-DNA. Future studies
will include more direct measurements of poly[d(G-C)] hydration in the pres-
ence of various osmolytes. Supported by Towson University Undergraduate
Research Grants (to C. Chaze) and by the Towson University Department
of Chemistry.
1. Preisler et al (1995) Biochemistry34, 14400-14407.
2. Stanley, C. and Rau, D.C. (2006) Biophysical J. 91, 912-920.
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Urea destabilizes (and at high concentrations, denatures) protein and nucleic
acid secondary and tertiary structures. DNA and RNA secondary and tertiary
structure stability has typically been studied by monitoring the attenuation of
the unfolding transition temperature with increasing urea concentration. In
this work, we have used uv-absorbance of four DNA dodecamer duplexes
(with guanine-cytosine content ranging between 17-42%) at or near room
temperature to determine the unfolding equilibrium constant dependence on
urea concentration. We have found that the dependence of the unfolding equi-
librium constant on urea concentration depends only weakly on duplex
guanine-cytosine content, despite different urea concentration ranges where
the duplexes unfold. The near constant dependence of the unfolding equilib-
rium constant on urea concentration for the duplexes indicate the interaction
of urea with the newly exposed surface area during unfolding is nearly the
same for all duplexes. Additionally, dln Kobs/d[urea] values agree favorably
in magnitude with those determined via thermal denaturation, suggesting urea
interactions at the newly exposed DNA surface area depend only minimally
on temperature.
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Chromatin conformation and dynamics is central to gene functions including
packaging, regulation, and repair. At the molecular level, the basic building
block of chromatin is a nucleosome core particle (NCP) made of ~147 base
pairs (bp) of dsDNA wrapped around an octamer of histone proteins. These
NCPs are connected by short 20-80 bps of linker DNA as beads on a string.
Key factors determining the packaging of NCP arrays to form chromatin in-
clude ionic condition, linker DNA length, and epigenetic modification, espe-
cially of the histone tails. We have investigated how the conformations of
model tetra-NCP arrays are modulated by these factors using small angle
x-ray and neutron scattering. Here we present recent studies of the effects of
ion (KCl, up to 200 mM) and histone modification (tail deletions) on NCParrays. Our combined x-ray and neutron scattering measurement makes it pos-
sible to learn about both the global compaction of NCP arrays and local inter-
NCP spatial correlations within the same array. With the experimentally deter-
mined NCP-NCP interaction potentials from our previous studies, we further
make connections between the tetra-NCP conformations and the underlying
driving forces under varied conditions.2183-Pos Board B202
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The chemical integrity of the DNA is constantly being modified covalently by
endogenous and exogenous agents. If not repaired, these DNA lesions play
a critical role in carcinogenic and ageing processes of the cell. Though lesions
occur throughout the genome, the low redox potential of the guanine bases
make them particularly vulnerable to oxidants. One of the major base lesions
formed on DNA is 8-oxo-7,8-dihydroguanine (8-oxo-G). Once formed, this le-
sion can be further oxidized to the enantiomeric spiroiminodihydantoin (Sp) le-
sion. These Sp lesions are highly mutagenic, leading to G/T and G/C
transversion mutations.
DNA lesions can alter the binding of critical transcription factors and chromatin
components. Here, we explore how the presence of the Sp lesion affects the
binding of histone proteins to form nucleosomes. Histone proteins are isolated
from chicken erythrocytes, and 146 bp DNA duplexes synthesized with single,
enantiomerically-pure Sp lesions placed site-specifically around the center of
the sequence. Histone proteins are exchanged onto our target DNA, and the
binding of the histones to the DNA is assessed by gel shift to yield changes
in free energy of nucleosome formation relative to unmodified control DNA.
Our results indicate that although nucleosomes are formed on all 146-mer du-
plexes, nucleosome stability decreases measurably when a single Sp lesion is
present. Both Sp enantiomers bind more weakly than the control, but the two
enantiomers do not bind identically. These enantiospecific differences may
play a key role in the process of DNA repair. Placement of the lesion within
the sequence also has an effect upon binding thermodynamics, potentially re-
flecting conflicting pressures exerted by the lesion geometry and the bent
DNA geometry necessary for protein binding. These findings suggest that for-
mation of the Sp lesion could have dramatic effects on DNA packaging and
expression.2184-Pos Board B203
Mapping of Long-Range Associations throughout the Fission Yeast
Genome Reveals Global Genome Organization Linked to Transcriptional
Regulation
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We have comprehensively mapped long-range associations between chromo-
somal regions throughout the fission yeast genome using the latest genomics
approach that combines next generation sequencing and chromosome confor-
mation capture (3C). Our relatively simple approach, referred to as enrichment
of ligation products (ELP), involves digestion of the 3C sample with a 4 bp cut-
ter and self-ligation, achieving a resolution of 20 kb. It recaptures previously
characterized genome organizations and also identifies new and important in-
teractions. We have modeled the 3D structure of the entire fission yeast genome
and have explored the functional relationships between the global genome or-
ganization and transcriptional regulation. We find significant associations
among highly transcribed genes. Moreover, we demonstrate that genes co-
regulated during the cell cycle tend to associate with one another when acti-
vated. Remarkably, functionally defined genes derived from particular gene on-
tology groups tend to associate in a statistically significant manner. Those
significantly associating genes frequently contain the same DNAmotifs at their
promoter regions, suggesting that potential transcription factors binding to
these motifs are involved in defining the associations among those genes.
Our study suggests the presence of a global genome organization in fission
yeast that is functionally similar to the recently proposed mammalian transcrip-
tion factory.
